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To elucidate the relationships between the spectral characteristics and the spatial 
properties of cone pigments in the silver sea bream (Sparus sarba), morphological 
identity with dissociating retinae and histochemical studies with NBT (nitro-blue 
tetrazolium chloride) vital stainning technique by stimulation with narrow-band 
spectral light were applied in the present experiments. Response magnitudes were 
evaluated by the relative proportions of the specific cones responded to the stimula- 
tion with each wavelength light. The results indicated that cones had two respon- 
sive types: (1) two members had the same responsivity peak at 580 nm wavelength, 
i.e. twin cones; (2) two members had the different responsivity peak at 460 nm and 
660 nm wavelengths, i.e. double cones. Four paired (twin and/or double) cones 


framed the square array surrounding a central single cone. 


The extremely scarce 


single cones were found at the corners of some mosaic units. 
The chromatic organization of the square mosaic reveals that the silver. sea 
bream could sense the fast moving preys from various orientations and also could 


obtain the wide range of spectral light. 
Key words: 


re silver sea bream (Sparus sarba), 
is a shallow marine, rock-dwelling fish. 
It is widely distributed along the waters 
from southern Japan to Taiwan. Because 
of its fast growth, testy flesh and easy 
culture, the fish was considered as a 
promising species for fish farming (Kino- 
shita, 1986). m 

The black porgy (Acanthopagrus sch- 
jegeli), a closely related species with the 
same family Sparidae (Shen, 1984), oc- 
cupies in a similar environment. In 
general, species living in thẹ similar 
waters are expected to be sensitive to 
the same range of spectral light (Loew 
and Lythgoe, 1978). NBT (nitro-blue 
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tetrazolium chloride) vital stain of the 
cone pigments of the black porgy de- 
monstrated the presence of single cones, 
double cones and twin cones with peak 
sensitivity at 420 nm, 500nm and 580 nm, 
and 640nm respectively (Huang, 1989). 
Bowmaker (1984) reported that the weever 
fish (Trachinus vipera) and the dragonet 
(Callionymus lyra) live in a similar envi- 
ronment but have diverse potential for 
chromatic vision. Bowmaker and Kunz 
(1985) discussed that the weever fish, an 
ambush feeder, adapted a particular mode 
of vision for especially effective feeding 
under twilight conditions. 

However, the spatial and the spectral 
characteristics of the cone pigments 
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varies apparently related to not only the 
photic environment but also the impor- 
tant behaviour of the fish. The purpose 
of the present work is to study the 
spectral location of the cone pigment of 
the silver sea bream by the application 
of NBT vital stain in order to know their 
living photic environment and their pos- 
sible feeding behaviour. 


MATERIALS AND METHODS 


Retinal preparation 

The present study is carried out on 
the silver sea bream (Sparus sarba) retinae 
for vital staining of NBT (nitro-blue 
tetrazolium chloride,  2,2'-di-p-nitro- 
phenyl-3, 3'-tetrazolium chloride) to in- 
vestigate the spectral characteristics of 
their cone mosaic. | 

Fish was obtained at the Tao-Yan 
coast of North-Taiwan by netting. The 
standard lengths of the breams ranged 
from 10.8cm to 18.1cm. A fully dark- 
adapted fish, kept in a well-aerated tank 
at least 12 hours, was killed and then its 
retinae were isolated. The retina, with 
the adhering vitreous body, was placed 
with its receptor side upward in a trans- 
parent stimulation chamber -(Downing, 
1983). In order to keep a retina viable, a 
ring of moist tissue paper was set around 
the sample inside of the chamber. Such 
a preparation could keep the retinae re- 
sponsive to light for several hours to 


finish the whole experimental process 
(Djamgoz. and Downing, 1983; Huang, 
1986). 

Plate: 


of the intraretinal cones mosaics. 


- pathway was | 
pathway rather than directly on receptor 


specified in terms of wavelength. 
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Retinal stimulation and NBT reaction 


The stimulus light used to identify 
and classify cone types were derived form 
an optical system served by a 250w 
quartz tungsten-halogen lamp (ORIEL, 
NO. 6334), connected to a 24 volt D.C. 
power supply. A light spot was focused 
on the retina from underneath as the 
physiological pathway. The stimulus 
intensity was kept constant and the 
wavelength was able to changed by in- 
serting 8 different filters. Their central 
wavelengths ranged from 420 nm to 700 nm 
(40 nm steps) with each half-band widths 
of 10.0+04nm and side-band blocking 
(ORIEL, U.S. A.). 

The retinae were stimulated from the 
corneal side for 15 minutes. The stimu- 
lation was longer than commonly em- 
ployed (Marc and Sperling, 1976 a,b; 
Levine et al., 1979), because: the light 
following physiological 
side. All stimulating conditions were 
After 
the stimulation, the retinae was immersed 
with NBT containing incubation medium 
(Marc and Sperling, 1976a) for 5 minutes 
in darkness and then transferred to a 
chamber filled with 10% formalin in iso- 
smotic phosphate buffer for another 10 
minutes stabilization response in dark 
condition as well. 

Well responsive retinae could be main- 
tained in this buffer solution for several 
months until the wholemount analysis 
was finished. The responsive percentage 
could be calculated from the uncleared 
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A: stimulus with 620 nm light, x600. Note the NBT-DF deposited in the ellipsoids(e), not 
in the outer segments (O) and two white arrowheads to show the height of the ellipsoid 
B: stimulus with 420 nm light, x600. Note the square mosaic frames by 4 paired cones 


surrounding a single cones (s). 
€, D: 
S: single cones, 


stimulus with 580 nm and 660 nm light, respectively. x 600. 


D: double cones. T: twin cones. 
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and unsectioned wholemount retinae. No 
further stainning is essential. 

Response magnitudes were evaluated 
by the percentage of the responsive cones 
to the total of the single or paired cones 
in the measured area. Because the single 
cones did not lend themselves to the 
analysis of response magnitudes to the 
eight experimental wavelengths, the pre- 
sent results were focussed on the paired 


cones. 


RESULTS 


By irradiating an isolated retinae 
from the silver sea bream, NBT accepts 
electrons from mitochondrial dehydro- 
genase to form blue-violet insoluble 
precipitation (Diformazan, NBT-DF) in 


B.Q. HUANG 


the mitochondria-filled ellipsoids of the 


responsive cones (Plate A). A chosen 
wavelength light selectively activated 
a specific cone pigment by different 


response magnitudes. Note the NBT-DF 
presented conspicuously in the ellipsoid 
(the mitochondrial region of the cones), 
not in the outer segment in which cone ' 
pigments were existed (Plate A). 

From the photomicrograph of a whole- 
mount retina presented by NBT vital 
stain technique, two morphologically dis- 
tincted cone types were clearly identified: 
single cones and paired cones (Plate A~ 
D). The paired cones further had two 
responsive types: (1) two members had 
the same responsivity, (2) two members 
had different responsivity. They were 
named as twin cones and double cones 
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Fig. 1. 


Spectral sensitivity curve of the paired cores shown by each responsive percentages. 
x: twin cones, i.e. both members are responsive. 


Note a peak at 580 nm. 


o: double cones, i,e. one member is responsive. Note a peak at 460 nm and 660 nm. 


CONE MOSAIC IN THE SILVER SEA BREAM 


respectively (Loew and Lythgoe, 1978). 

These single and paired cones were 
organized into the square array with four 
binary cones (paired cones) surrounding 
a single cones (Plate B), i.e. central 
single cones. Very few single cones were 
found at the corners of the mosaic unit 
having highly square pattern and were 
called additional cones. 

The responsive percentages of the 
paired cones to the eight spectral light 
(420-700 nm, 40nm steps), were obtained 
from the 14 studied retinae. The 
spectral sensitivity curve of the double 
and twin cones to the selective wave- 
length irradiation was obtained by the 
criteria of each responsive percentage 
(Fig. 1). The former presented two sen- 
sitive peaks at 460nm and 660nm, i.e. 
blue and red sensitive (Plate B, D). The 
latter possessed a sharp sensitive peak 
at 580nm, i.e. green sensitive (Plate C). 

In summary, the silver sea bream 
might be trichromatic with three sensitive 
spectral bands; the shorter (460 nm), the 
middle (580 nm) and the longer (660 nm) 
wavelengths, i.e. blue, green and red 
sensitive. 


DISCUSSION 


The silver sea bream inhabits quite 
coastal and shallower waters. It is the 
usual components of the surf zone ich- 
thyofauna (Kinoshita, 1986). It has paired 
cones, as the other studied marine species, 
with wide range of sensitive spectrum 
from 460nm to 660nm. Daylight has 
broad spectral distributions 
strongly effective on the teleost vision 
during staying near the surface (Lythgoe, 
1979; Bowmaker, 1984; Bowmaker and 
Kunz, 1985). The fish might be a day 
feeder living in the shallow waters by 
its wide range sensitive cones. 

The square mosaics are the most 
frequently encountered in marine teleosts 
(Loew and Lythgoe, 1978; Bowmaker, 


which is 
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1984). The cone arrangements in silver 
sea bream indicated this common pro- 
perty and this mosaic types were thought 
to register movement from all directions 
for feeding on fast-moving prey (Ahlbert, 
1976). Having square cone mosaic with 
wide range of sensitive spectrum, the 
bream is very likely to be a visual feeder. 

The yellow colouration at the fin tips 
was a significantly morphological evi- 
dence in silver sea bream. Therefore, 
their local name is “yellow-fin bream”. 
They had twin cones with sensitive spec- 
trum at 580 nm, i.e. yellow-sensitive cones. 
Twin cones have been suggested to func- 
tion as “macroreceptors” attainable for 
photopic vision under the dim illumination 
(Lythgoe, 1979; Bowmaker and Kunz, 
1985). It is likely that the fish could gain 
a better vision for intraspecific recogni- 
tion even at twilight by using the yellow 
sensitive twin cones. . 

The silver sea bream and the black 
porgy have the close relation in taxo- 
nomy, in similar living habitat, and in 
having the same cone ‘mosaics. The 
spectral sensitivity of their cone pigments 
were different. The bream has paired 
cones with sensitive spectrum ranged 
between 460 nm and 660 nm, but the porgy 
has sensitive spectrum ranged between 
500 nm and 640nm. The wider sensitive 
spectrum indicated that the present 
species might have better day life-mode. 
However, it is difficult to state whether 


they adopt different life modes to adapt 


the different optical environment. Further 
studies are needed to understand the 
differences of their spectral sensitivity. 


Acknowledgements: The support from 
the Council of Agriculture, 77 Ac-7.1-F- 
24-9(3), is gratefully acknowledged. 
Thanks are also due to the directors, Dr. 
C.H. Chen and Mr. C.H. Wu of Taiwan 
Fisheries Research Institute in Pescadores 
and Tai-Hsi Aquaculture Center for their 


300 B.Q. HUANG 


kind help in fish-collecting problems. The 
author is also extremely grateful to Miss 
M.L. Lee for her invaluable technical 
assistance, Miss- S.I. Liou is thankfully 
acknowledged for typing the manuscript. 


REFERENCES 


Ahlbert, I.B. (1976) Organization of the cone cells 
in the retinae of salmon (Salmo salor) and 
trout (Salmo trutta) in relation to their feeding 
habits. Acta Zool. 57: 13-25. 

Bowmaker, J.K. (1984) Microspectrophotometry 
of vertebrate photoreceptors: 
Vis. Res. 24: 1641-1650. 

Bowmaker, J.K. and Y.W. Kunz (1985) The 
visual pigments of the weever fish, Trachinus 
vipera: a microspectrophototomtric study. Exp. 
Biol. 44: 139-145. 

Djamgoz, M.B.A. and J.E.G. Downing (1983) A 
quantitative analysis of cone photoreceptor 
horizontal cell connectivity patterns at ribbon 
synapses in a cyprinid (Roach) retina. J. 
physiol. 341: 75. 

Downing, J.E.G. (1983) Functionally indentified 
interneurones in the vertebrate (fish) retina: 
Electrophysiological, ultrastructural and phar- 
macological studies. Ph.D. Thesis, University 
of London. 


a brief review. - 


Huang, B.Q. (1986) Visually Evoked Startle Re- 
sponses in the Cod (Gadus morhua) Ph. D. 
Thesis, University of Aberdeen. 

Huang, B.Q. (1989) Intraretinal distribution of 
cone pigments is black porgy, Acanthopagrus 
schlegeli. Bull. Zool. Academia Sinica. 28: 175- 
182. | | 

Kinoshita, I. (1986) Postlarvae and juveniles of 
silver sea bream, Sparus sarba, occurring in the 
surf zone of Tosa bay, Japan. Japan. J. Ichthyol. 
33: 7-12. 

Levine, J.S., E.F. Macnichol, T. Kraft and B.A. 
Collens (1979) Intraretinal distribution of cone 
pigments in certain teleost fishes. Science 204: 
523-526, 

Loew, E.R. and J.N. Lythgoe (1978) The ecology 


of cone pigments in teleost fishes. Vis. Res. 18: 
715-722. 
Lythgoe, J.N. (1979) The Ecology of Vision. 


Clarendon Press, Oxford. 
Marc, R.E. and H.G. Sperling (19764) The Chro- 
matic organization of the goldfish cone mosaic. 


Vis. Res. 16: 1211-1224. 
Marc, R.E. and H.G. Sperling (1976b) Color 
receptor identities of goldfish cones. Science 


191: 487-489, 

Shen, S.C. (1984) Coastal Fishes of Taiwan. De- 
partment of Zoology, National Taiwan Univer- 
sity, Taipei. 


E Y ME RIO AR ZEN RR 


ak 


R 


SIRRIN (Sparus sarba) SEH HIZER BI LZ ER 
zH] (spatial organization) » ABBA DEZE RE 


x 


tE (spectral characteristic) RH 
ESCH Ae NBT (nitro-blue 


tetrazolium chloride) GRRE ii ZAR (LEW > DABA BAR o 


PESIMA A ASEM : E— 
cones) > AAI Fl REO LEAR 


HREREHR: 


sek (single cones) An BES $ HN (paired 


(1) WERE BEE 580 nm 36 


BER > ESE (twin cones) ; (2) MERIET— RE > Al 460 nm RL 660 nm Hit 


Ro IRS BEM (double cones) o AEK (BA E) 
HERO > REA 
FA HARE ZERO ZE KERKUAR- 

A ESA PANA > HER 


mosaics) 214% > HRIBDE— 


KERZE 
IIS 2 BEIT -RRR MDL E SEHE « 


PRE CIE JE BER (square 
— BETO AE E ELA © 
ADE AZ IRE RO ARRE TA > PAD 


